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Abstract 
 
 
The impact response of steel plate is an important factor in many industries and 
products used everyday.  This includes the automotive, construction and appliance 
industries that use steel plate in safety applications. This paper will report the findings 
of both physical and theoretical testing in three conditions; free, fixed and perforated.  
The testing parameters were further refined to thin flat plate in order to gain a specific 
understanding into the mechanisms that occur. 
 
The initial research allowed for a testing rig to be designed and fabricated that would 
produce broad range of reactions.  These reactions included both local and global 
deformation which passed through various stages.  The design of the rig was also seen 
to be a factor in the method in which the specimens failed.  This was seen in the 
deformation and stress patterns in both testing methods.  This reaction to the physical 
testing conditions allowed for a further understanding into the mechanisms of impact 
response. 
 
The result of the testing also found the failure of thin steel plate under impact loading 
was directly related to the boundary conditions.  It was seen that the distribution of the 
deformation and stress became far more localised when the plate was fixed. It was 
also seen that the total deformation was reduced when compared to the free plate as 
mechanisms were restricted.  The perforated plate also showed signs of increased 
deformation due to the increase in the percentage of open area.  This was seen to be 
directly related to the stress concentration factors around the perforations. 
 
Therefore for these reasons the purpose of this investigation was considered valuable 
in understanding the mechanisms that occur.  The result of which will lead to an 
increase in safety and design of currently used products.  
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Chapter 1 
 
 
Introduction 
 
 
 
There is a need for a greater understanding of the mechanisms of energy absorption 
and damage during low velocity impact on thin steel plate.  This knowledge is 
required in order to better design products in the various industries today.  These 
industries include the automotive, construction and appliance which require materials 
that maintain the required properties as well as being cost effective.   
 
To better understand the mechanisms mentioned above a detailed analysis was 
conducted into flat solid and perforated plate.  This investigation was further extended 
to both the free and fixed boundary condition.  The use of different boundary 
conditions allowed for a comparison into the mechanisms occurring. 
 
In order to gather initial knowledge into these concepts a brief literature review was 
conducted.  This allowed for an initial understanding into the equipment required as 
well as a design for the testing procedure.  The result of which defined the testing 
procedure as a drop weight test with a spherical faced impactor.  This testing 
procedure allowed for a preliminary investigation into the physical response as well as 
its application to theoretical testing using ANSYS. 
 
There was also an investigation into the requirements of industry in order to allow for 
the results to be put into context as previously mentioned.  This investigation included 
the use of thin steel plate in car bonnets, which is primarily used for its heat resistance 
and ease of fabrication.  The bonnet however will also be seen as a useful safety 
device.  The proper designed will allow for reduced trauma in vehicle pedestrian 
accidents.  The ability of the plate to absorb energy gradually when applied with the 
appropriate boundary conditions will reduce this trauma.  
 1
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Chapter 2 
 
 
Materials and Testing Types 
 
 
 
2.1 Steel Plate 
 
The use of steel plate is widely done throughout industries such as automotive, 
whitegoods and construction.  This allows for ease of access in a multitude of sizes 
which in turn allows for cost effective specific testing.  Though steel plate can be 
acquired in a multitude of strengths for various applications low carbon steel will be 
analysed at it is the most commonly used.  
 
The term low carbon steel refers to the carbon content not being greater than 0.33% 
and is applicable for use in non-critical applications (ASM, 2005).  The composition 
of steel varies depending on its intended purpose, which is to say that if a hard 
material is required the carbon is increased.  However this increase in carbon creates a 
more brittle material and therefore a different type of alloy is introduced as a 
hardening agent (Askeland, 2003).  These alloys can include Chromium, 
Molybdenum, Titanium, Tungsten and Boron.  The use of alloyed steels is intended 
for specific purposes such as structural applications such as bridges to jet rockets 
which require heat resistance (ASM, 2005).  These alloyed steels though available are 
quite costly as they have specific manufacturing processes required.  Therefore low 
carbon steel was chosen as it is readily available at an affordable cost. 
 
The approximate maximum tensile strength of low carbon steel is 400 – 500 MPa and 
yield strength of 220 – 250 MPa.  These figures do not allow for mechanical 
applications such as bridges, buildings and mechanical parts (ASM, 2005).  This does 
allow for such things as outer casings of whitegoods, car bonnets, filing cabinets and 
other such non-critical applications.  Though car bonnets have been categorised as 
  3
low carbon steel for the purpose of this discussion, they can be seen as mechanical in 
purpose as they act as a safety device which will be mentioned in later discussion. 
 
2.2 Standard Impact Tests 
 
The Izod and Charpy test are two of the most commonly used destructive impact tests 
to give rankings to a particular test material.  This due to the fact that the procedures 
have been standardised (ASTM D 265).  This standardisation allows for test data 
compiled by one user to be compared easily with that of another. Though both tests 
are similar in nature they vary in the method in which the specimen is constrained. 
 
The Izod as well as the Charpy both use a pendulum type of mass that impacts the 
specimen and records the loss in height at the swinging action.  The differences in the 
testing samples required for both the tests along with the procedure itself can be seen 
in Figure 2.1.  This loss in height is then used to calculate the energy that is absorbed 
by the material.  This is done by applying the potential energy equation to the initial 
and final height of the pendulum. 
 
 
Figure 2.1  Izod and Charpy Test (Askeland, 1998) 
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The results that are required for this analysis are that of the measurement of the 
response of thin steel plate and therefore this method of testing would not be 
applicable.  This is primarily due to the measurement of the stress concentration of the 
notch and the use of a thick specimen which is not the intended purpose of this 
analysis.  It is for this reason that this section is used as a reference only into the 
possible techniques that have been investigated. 
 
2.3 Drop Weight Testing 
 
The method drop weight testing refers to applying a load to a specimen using an 
elevated mass with a contact surface of specific geometry and either releasing this 
mass, using gravity as an accelerator, or applying a forced acceleration.  This method 
is widely used in such circumstances as testing helmets, electronics and other such 
products that are designed and required to resist impact.  This method can also be 
assessed using quasi-static approximation when the mass of the object is deemed 
negligible and acceleration at the point of impact is known.  The quasi-static 
approximation involves treating the impact problem as an equivalent static problem 
where the static load is applied at the impact site (Christoforou, et al. 1998).  This 
allows for the impact to be modelled statically for an overall effect or dynamically to 
analyse the effect throughout the impact.  There is also the added benefit of using this 
approximation using finite element software which will be discussed in Chapter 5.   
 
There are different conditions that can be established depending on the results that are 
required.  In the case of a thin steel plate one can use low or high velocity with large 
or small masses.  This in turn can represent the effect of everyday use to the resistance 
to penetration of such things as bullets or other such objects, which will be defined in 
the following section.  This ability allows for the availability of impact energy to be 
varied as required.  The resistance of these impacts depends on the properties of the 
material such as the elastic, yield and plastic regions which are calculated under 
destructive testing and plotted on a stress strain diagram. 
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2.3.1 Low Velocity 
 
The stated term low velocity impacts refers to impacts that replicate such instances as 
a body impacting on a car hood, kicking an appliance and other such circumstances.  
There are three main categories set for velocity which are; Static and Vibration, 
Terminal Ballistics and Hypervelocity (Macaulay) (Figure 2.2). 
 
1. Static and Vibration 
2. Terminal Ballistics 
3. Hypervelocity Region 
 
 
 
 
 
Figure 2.2 Regions of Velocity (Macaulay) 
 
When considering the three main categories set forward by Macaulay the differences 
between each is clear.  The region of Static and Vibration, which will be the region of 
consideration, includes speeds up to and including 15 m/s.  The definition of this 
region is that it is considered to be the maximum velocity in which a vehicle crash is 
survivable by its contents, passengers (Macaulay).  This statement also assumes that 
the occupants are in a healthy condition prior to the impact and that they are 
restrained.  This region also allows for simplified calculations which not only reduces 
the overall complexity but also allows for applications to everyday events. 
 
2.3.2 Flexible Bodies 
 
The choice of a flexible body approach relates to the properties of steel.  These 
properties include that of a yield point which is the transition from elastic deformation 
to plastic deformation (Askeland 2003).  Steel inherently contains a fairly large plastic 
region in which the material can deform permanently prior to total failure such as 
cracking and perforation (Figure 2.3).   
Chapter 2
______________________________
Materials and Testing Types
_________________
Drop Weight Testing
_________________
  6
 
 
 
1. Tensile Strength 
2. Elastic Limit / Yield Strength 
3. Fracture 
4. Plastic Region 
 
 
Figure 2.3 Stress-Strain Diagram of a Ductile Material  
(Adapted from Askeland, 2003) 
 
The plastic region also allows steel to absorb forces before failure which is an 
advantage when designing products that may encounter forces and failure is not 
wanted.  The alternative to flexible bodies is that of rigid bodies where the region of 
plastic deformation is much smaller or even non existent, the applications of which 
would be for products that require a harder material that will not deform (Askeland 
2003) (Figure 2.4). 
 
Figure 2.4  Stress-Strain Diagram of a Brittle Material 
(Adapted from Askeland, 2003) 
 
2.3.3 Elastic-Plastic Analysis 
 
The three stages that occur during impact are that of elastic, elastic-plastic and 
uncontained plastic deformation (Stronge 2000).  These stages each absorb forces that 
are applied and translate them into deflections and eventually failure.  Though all of 
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the stages absorb forces they do so at different rates and can only absorb forces at a 
certain speed, also known as the strain rate (Johnson 1972).  If the force is too great 
and applied to quickly failure will occur at the contact area rather than be dispersed 
throughout the material.  This is related to the structure of the material and the rate at 
which dislocations can pass through that structure (Askeland 2003) (Figure 2.5).  This 
concern may apply during the fully constrained testing as the movement of the 
specimen will be restricted. 
 
 
                Figure 2.5 Dislocation (Askeland 2003) 
 
2.3.3.1 Elastic Deformation 
 
The elastic region of impact loading is defined as the region in which a load can be 
applied and the material can fully restore itself to its original state.  This region exists 
prior and not including the yield point (point 2 in Figure 2.3) of the material, in this 
case steel plate.  The yield point is defined as the transition between the elastic and 
plastic region which will be discussed in the following section.   
 
The pressure distribution at the contact face and normal contact force over the contact 
radius of a spherical impact face can be defined as:  
 
Yp 1.1< ,  
1<
Yδ
δ
,  R
a
aE
F
E
p
82
π==
  
(Stronge 2000) 
 
The total deformation can be seen as proportional to the normal contact force, which 
incorporates both the yield force and deformation in order to create a dimensionless 
relationship. 
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YYF
F
δ
δ=
 
(Stronge 2000) 
 
2.3.3.2 Plastic-Elastic Deformation 
 
The second stage occurs during the transition between elastic and plastic deformation 
and therefore contains slightly more complex reactions and formulae.  The complexity 
is related to the partial elastic unloading that occurs as the entire material does not 
become plastic. 
 
YpY 8.21.1 << ,  841 <<
Yδ
δ ,  )12ln(3.95. −+=
YYp
p
δ
δ  
(Stronge 2000) 
 
)]12ln(3.95)[.12( −+−=
YYYF
F
δ
δ
δ
δ  
(Stronge 2000) 
 
2.3.3.3 Plastic Deformation 
 
This stage is the final stage that the plate will pass through and occurs when the force 
continues to be applied.  This force causes the plastic deformation to continue over a 
radius outward from the contact area, thus becoming uncontained (Stronge 2000).  
The method in which to calculate this phenomenon is seen to be much simpler than 
that of the elastic-plastic deformation as there is only one reaction occurring. 
 
Yp 8.2= ,  84>
Yδ
δ ,  55.2=
Yp
p  
(Stronge 2000) 
 
)12(55.2 −=
YYF
F
δ
δ  
(Stronge 2000) 
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2.4 Instrumentation 
 
Though the procedure can be analysed visually, it is far more useful to analyse 
physical data as the reaction occurs.  With the procedure considered an accelerometer, 
amplifier and capture software have been used due to their availability.  The amplifier 
transmits the charge passed from the accelerometer (discussed in the next section) to 
the device that collects the data.  The software that will be used to collect the data will 
be LabView as it is currently installed and operational in a PC with an analogue to 
digital card.  
 
2.4.1 Accelerometer 
 
It is necessary to incorporate the use of an accelerometer in order to accurately 
measure the speed at which the mass strikes.  This is required in order to calculate the 
actual force of the mass and relate it to the damage incurred.  This being said it is 
important to have an understanding as to how accelerometers work in order to ensure 
proper usage. 
 
2.4.1.1 Piezoelectric 
 
There are several different types of accelerometers each having their own specific 
uses.  These include tri-axial and uni-axial which measure acceleration in three 
directions and one direction respectively.  The type selected for both its required 
application and availability was the Bruel & Kjaer uni-axial shear type piezoelectric 
accelerometer model number 4371.  The specific details of this accelerometer can be 
found in Appendix D.  The decision to use a uni-axial accelerometer was made as the 
impact will be perpendicular to the surface of the specimen, therefore does not require 
readings in the horizontal direction.  The use of a tri-axial accelerometer would be 
included if the impact was made at an angle to the surface.  This would result in a sum 
of the acceleration vectors in order to produce the total acceleration (Figure2.6).   
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Figure 2.6  Interpretation of Multi-Axis Accelerometers 
 
The piezoelectric accelerometer, as detailed by Bruel and Kjaer, uses a mass that has 
been preloaded by a spring causing a force on the piezoelectric element.  The 
piezoelectric element is generally made of an artificially polarised ferroelectric 
ceramic, that when under tension, compression or shear produces an electrical charge 
across its pole faces which is proportional to the applied force (Figure 2.7).  This 
charge can then be measured using such devices as an integrator that converts the 
charge into velocities and displacements. 
                  
 
Figure 2.7  Compression and Shear Type Accelerometers 
  (Bruel & Kjaer 1982) 
 
Reading in the  
Y direction 
Reading in the X direction 
Vector sum of both 
readings 
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2.4.2 Charge Amplifier 
 
The signals that are produced by the accelerometer are required to be amplified in 
order to create signals that can be observed in the chosen software.  This is done by 
connecting a charge amplifier, as seen in Figure 2.8, which can increase or decrease 
the gain accordingly.  The gain is set using the units of (1, mili, micro, etc)*Volts/ms-2 
which is determined by the signal size of the accelerometer.  That is to say that the 
greater the acceleration is during the impact the lower the gain is set.  This allows the 
scaling of the output therefore allowing the software to keep the results within a 
useable range, -3 to 3 Volts in this case (Figure 2.9).  The gain also allows for analysis 
of the resulting output, the accelerations can be formulated from the reading which 
will be shown in Chapter 5. 
 
 
Figure 2.8  Bruel & Kjaer Charge Amplifier 
 
The output from the charge amplifier is in the analogue form and therefore must be 
converted into digital format to allow the PC to use the readings.  This was done by 
utilising the National Instruments DAQCard6062-E analogue to digital PCI card that 
was pre-equipped to the PC. 
 
2.4.3 LabView 
 
The LabView software allows for individual settings depending on the data required.  
These settings include setting the scan rate, trigger, pre-trigger scans and total scans.  
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The scan rate defines the number of scans per second that will be collected, this 
allows for more accurate results as the rate is increased.  This being said the value for 
the scan rate depends on the duration of the reaction as in the case of the current 
experimentation.  The duration of the reaction is within tenths of a second and 
therefore a high number of samples are required in order to increase the accuracy of 
results.  The trigger allows for a delay of scanning the data, where the data is not 
collected until a certain value is reached.  This proved useful as data was not required 
as the mass descended down the shaft, the only point of interest was that of the 
moment of impact until the mass was at rest.  This is seen in Figure 2.9 where the 
labelled region in the graph of a trial attempt was omitted from used collections using 
the trigger. 
 
Trial Attempt
-1.5
-1
-0.5
0
0.5
1
1.5
2
2.5
3
0 0.01 0.02 0.03 0.04 0.05
Time (s)
R
ea
di
ng
 (V
)
Data to be removed 
with the trigger
 
Figure 2.9  Required Region to be Removed Using a Trigger 
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Chapter 3 
 
 
Current Testing Procedure 
 
 
 
3.1 Procedure 
 
The procedure that has been designed for this analysis is based on that of previous 
designs that have been used in the engineering field.  The procedure discussed by 
Grzebieta and Shivaswamy most closely relates to what is required for this analysis.  
This procedure was designed to test the response of plates under impact loading 
which are supported along an entire surface as seen in Figure 3.1.  This has been 
adapted for by building a test rig to support the plate above the ground allowing for 
motion in the z direction (Figure 3.2).  The following details the modified procedure 
as it applies to this analysis.  
 
Figure 3.1 Testing Design as Discussed               Figure 3.2 Current Testing Design 
by Shivaswamy  
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Figure 3.3 Holding Tabs and Threaded Holes on Test Rig 
 
The test specimen is inserted onto the testing rig between the holding tabs, or in the 
case of a fixed test bolted down using the threaded holes in the test rig (Figure 3.3).  
The holding tabs have been used to remove the inconsistency of the specimen moving 
horizontally during the testing procedure.  These tabs also allow for consistent 
alignment when positioning the mass (impactor) over the centre of the plate.  
Movement in this direction would create additional results that are not the scope of 
this analysis.  The impactor is of simple geometry, has a spherical contact area and is 
approximately 2.9kg as seen in Figure 3.4.  
 
 
                          Figure 3.4 Impactor 
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 The impactor guide is then placed over the centre of the specimen, this is done as the 
purpose of the analysis is to measure the effect of a centralised impact.   The assembly 
is seen in Figure 3.2.  The accelerometer is then affixed to the impactor which is in 
turn connected to the amplifier.  The amplifier is required to produce a usable signal 
to the capture device.  The impactor is then gently lowered to the surface of the 
specimen.  The capture device is then calibrated to the required settings such as 
sample rate, sample size and trigger reading as seen in Table 3.1.  In order to reduce 
the amount of data captured to the required size a trigger is used.  The impactor is 
then raised to the required height, the capture device is started and when the capture 
device is ready the impactor is released.  Once the impact is finished the captured data 
is saved using the naming convention of the testing date and the test number.  This 
data is then transferred to another computer with greater computing power for 
analysis. 
 
Setting Value 
Gain 1mV/ms-2
Trigger .1V 
Sample Rate 200000 per second 
Buffer Size 800000 
Stored Data 200000 
Time Limit 10 seconds 
Drop Height 1.5m 
                                 Table 3.1 Equipment Settings 
 
3.2 Plate and Rig Specifications 
 
The solid plate used for the analysis was made of low carbon steel acquired from the 
workshop with dimensions of 400mm x 400mm x .8mm.  These dimensions were 
reliant on the size of the pre-existing impactor.  The contact surface of the impactor 
was required to be small in comparison to the specimen in order to allow for both 
local and global reactions to occur.  This concept was based on the theories and 
formulae discussed in Chapter 2 where it is seen that the contact radius is a key 
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 variable.  The decrease of the specimen size would have reduced the amount of global 
reactions, thus limiting the breadth of analysis. 
 
The pattern used in the perforated plate was designed in accordance to the Industrial 
Perforators Association (IPA).  The IPA details the importance of the size of 
perforation with regards to the thickness and size of the plate.  This sizing is further 
defined by the percent of open area in the plate.  The percent of open area allows for a 
ratio to be calculated between yield strength of the perforated plate and its solid 
equivalent solid plate.  This calculation and relationship can be seen in Figure 3.5.   
   
 
 
 
 
 
 
 
igure 3.5 Effect of Perforation Sizing (IPA, 1993)  
created were 15mm in diameter evenly spaced as seen in 
ted to 15% open area.  These dimensions allowed for a 
eaction of the plate as both stress concentration factors and 
mation between the perforations would be seen.  The relevance of these 
 will be discussed in Chapters 5 and 6. 
                                                 
F
 
The size of the perforations 
Figure 3.6, this in turn equa
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                               Figure 3.6 Designed Perforated Plate 
he size of the rig was then determined by the size of the plate as well as having a 
.3 Errors 
he testing data produced by the equipment contained many varying degrees of 
 
T
height of 400mm and a thickness of 25mm.  The height of the rig was chosen when 
considering the set-up used in the laboratory.  This height allowed for ease of use 
when inserting the plate as well as ensuring that the impactor was properly aligned 
prior to its release.  There was also the consideration of future studies that would 
require the rig; therefore the choice of 25mm plate was made.  This thickness allows 
for large amounts of force to be applied with no reaction, thus allowing rig to be seen 
as a fixed surface.  The addition of holes in the side of the plate was also done with 
consideration to future use as wiring for such things as strain gauges may be required. 
 
3
 
T
inconsistencies that have created concerns with its accuracy.  There are apparent 
frequencies that are occurring prior to the impact itself as seen in Figure 3.7.  This 
frequency maintains its magnitude yet appears to be degrading over time.  This 
degrading frequency has been deemed to be either a degrading frequency in its own 
right or a combination of frequencies acting at individual times.  The frequencies may 
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 be caused by several factors such as the wire acting as an antenna or magnetic fields 
from nearby wiring.  This discrepancy has been seen as a major factor in the limited 
use of the data.  This decision is contrary to the research done by Grzebieta, who also 
encountered these minor discrepancies and deemed them as inconsequential to the 
final result. 
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Figure 3.7 Line Interference 
here is also concern with the method in which the data is recorded with the provided 
 
 
T
software.  In order to attain useable data it is required to have a large sample rate per 
second, which inturn produces a large amount of unusable data along with variances 
such as outliers.  The term outliers refer to points of data that do not correspond to the 
trend or that deviate from the ‘normal’ data to an extreme point as in Figure 3.8.  The 
settings used in both the amplifier and the software used to acquire the data can be 
seen in Table 3.1.  The sampling rate was then decreased to 25000 scans per second in 
an attempt to clean up the data, this however failed as the data acquired was far more 
erratic as seen in Figure 3.9.   
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 Acceleration Outliers
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Figure 3.8 Acceleration Outliers 
Acceleration Graph of Test 3
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Figure 3.9 Modified Sample Rate 
hough there were inconsistencies the data from the high sampling rate proved to be 
analysis. 
 
T
somewhat useful when integrating the accelerations into velocities and displacements.  
This is primarily due to the fact that integration acts as a smoothing function, 
removing such things as outliers and other such discrepancies as previously discussed.  
This has allowed for an approximation of the results which can in turn be used for 
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Chapter 4 
 
 
Physical Testing Results 
 
 
 
The data recorded in accordance to Chapter 3 is in the units of Volts and sample 
numbers which are required to be converted into more conventional units.  The units 
required are the standard units of measurements (SI) such as m/s2 and seconds.  These 
calculations along with the additional calculations that will be discussed were plotted 
using Microsoft Excel.  The decision to view the data in graphical form was decided 
upon as there were a large number of samples collected for each test.  The region of 
interest which included the moment of impact until the impactor was at rest was 
approximately 1/10 of a second.  This figure once multiplied by the sample rate 
discussed in Chapter 3 produced the large number of acquired samples, approximately 
19000. 
 
4.1 Force 
 
In order to convert the acquired data to SI units the following formulae were used: 
 
gainreadinga
tesamplingra
t
*
1
=
=
 
 
 
These reading once converted are required to calculate the force on the impactor 
throughout the impact using Newton’s second law. 
 
F=ma 
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 The result of this equation should be that of a smooth curve that reaches its peak and 
returns to zero when the impact is finished.  This was not the case as the errors 
discussed in Chapter 3 produced the said curve followed by an erratic behaviour 
(Figure 4.1).  The initial assumption was that the curve was the impact but upon 
further analysis into the force displacement graph this was not the case.  The 
displacement of approximately 71mm when the force was zero however was seen to 
be accurate when viewing the specimen. 
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Figure 4.1 Force Displacement Graph of Test 2 
 
4.2 Velocity 
 
In order to calculate the energy absorbed throughout the impact the velocity is 
required by integrating the acceleration.  The velocity also allows for an investigation 
into the validity of the data.  The plot, if valid, will show the velocity reach zero as the 
transition in direction occurs at the peak of the impact. 
 
∫= dttatv )()(  
 
The result of applying this equation to the data produced a graph where the velocity 
almost reached zero seen in Figure 4.2.  The velocity also appears to reaccelerate 
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 towards the original acceleration which is not to be expected.  These discrepancies 
along with previous mentioned errors were seen to be the result of the errors discussed 
in Chapter 3.  It would however be seen as appropriate if the velocity went above zero 
as this would represent an elastic restitution of the material as discussed and 
represented by the formulae in Chapter 2.  This was seen in one of the tests 
conducted, however the same error of reacceleration was also seen (Figure 4.3). 
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Figure 4.2 Velocity Time Graph of Test 2 
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Figure 4.3 Velocity Time Graph of Test 3 
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 4.3 Energy 
 
The potential energy equation seen below was then used to calculate the energy of the 
mass prior to impact as 42.7 Joules.  This can then be used in the conservation of 
energy equation to approximate the absorption of energy by the specimen.  This 
calculation did not correlate with the potential energy as the acceleration data as 
previously discussed was erratic.    
 
mghPE =  
 
The use of a trigger in the software creates the need to determine the velocity of the 
impactor at the moment of impact.  This can be done by approximating the value of 
the velocity by setting the potential energy equation equal to the kinetic energy 
equation.  The result of this calculation produced a velocity of approximately 5.4 m/s.  
This calculation assumes that there is negligible friction between the mass and the 
guide. 
 
ghv
vgh
mvmgh
KEPE
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4.4 Displacement 
 
The final process is to determine the displacement of the impactor with respects to 
time by integrating the velocity.    
 
∫= dttvts )()(  
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 The result of applying this equation provided graphs that were seen as appropriate up 
until the point of deflection where the impact was deemed to be finished.  These 
graphs continued to show deflection after this point as they are related to the velocity, 
therefore included the same discrepancies mentioned.  The displacement graphs that 
correlate with the velocity graphs provided above are seen below as Figures 4.4 and 
4.5 respectively. 
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Figure 4.4 Displacement Time Graph of Test 2 
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Figure 4.5 Displacement Time Graph of Test 3 
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 This calculation also allows for an analysis into the impact as the different types of 
failure occur.  That is to say that the change in slope correlates to a mode of failure 
such as those discussed in Chapter 2.  This being said the velocity displacement graph 
seen in Figure 4.6 proved most useful when attempting to compare the physical 
specimen, seen in Figure 4.7, to the data.   
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Figure 4.6 Velocity Displacement Graph of Test 2 
 
 
Figure 4.7 Failure in the Physical Specimen 
 
The plots for the trial (first test), tests 3 and 4 can be found in Appendix C which also 
contains links to excel files and the original data files on the CD-ROM. 
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Chapter 5 
 
 
ANSYS 
 
 
 
The procedure and results discussed in both Chapters 3 and 4 were applied to the free 
plate scenario and in order to continue investigations the ANSYS Workbench package 
was used.  This analysis although purely theoretical allowed for an investigation into 
the additional constraints that were set out for investigation; fixed plate and perforated 
plate. 
 
5.1 Geometry Set-Up 
 
The plate and rig were modelled in ProEngineer Wildfire Edition (ProE) as parts 
which were then combined as an assembly.  This assembly was then exported as an 
Iges file in order to import the assembly into the geometry creator in ANSYS.  There 
was an initial attempt to use the ANSYS geometry modeller but it proved to be 
primitive and complex when attempting to create individual components.  The plates, 
both solid and perforated, were modelled in their entirety as a .8mm thin plate 400mm 
x 400mm as in the physical testing.  The rig was modelled with its full breadth and 
width however the depth was reduced in order to simplify the model (Figure 5.1).  
The use of the rig in the analysis was done in order to simplify the application of the 
initial conditions, which will be further discussed in the following section.   
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                                                 Figure 5.1 Assembly 
 
5.2 ANSYS Set-Up 
 
The Iges files that were created in ProE were imported into ANSYS in the new 
geometry option.  The solid and perforated plates were done as separate analyses as 
two versions of ANSYS were used, the reason for this will be discussed later in the 
chapter.  The imported geometries were then opened as new simulations in order to 
begin the analysis (Figure 5.2). The newly created simulation contains default 
conditions for the analysis.  These conditions were required to be reviewed and 
changed accordingly in order to ensure the required environment was produced. 
 
 
Figure 5.2 Simulation Option 
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The first condition that was reviewed was that of the mesh to ensure that the critical 
regions would be properly analysed.  The mesh of the solid plate as seen in Figure 5.3 
was deemed to be acceptable as it was made of elements of equal size and appropriate 
density.  The rig was made of few elements which was appropriate as the rig was not 
the subject of the analysis.  The perforated plate was made of a far larger number of 
elements and nodes, 2261 elements and 18935 nodes, as the perforations create a 
complex geometry (Figure 5.4).  The complex geometry also creates concentrations in 
the reaction that occur; this will be further discussed in Chapter 6.  Therefore the high 
concentration of elements and nodes around the perforations were deemed as 
acceptable as this will be seen as the region of interest.  The high number of elements 
and nodes were too great to analyse in the student edition that was provided from a 
visit of ANSYS representatives earlier in the year.  It is for this reason that two 
analyses were conducted, the solid plate in the student edition and the perforated plate 
in the University edition. 
 
 
Figure 5.3 Mesh of the Solid Plate 
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Figure 5.4 Mesh of the Perforated Plate 
 
The second condition that was reviewed was that of the contact region and the method 
in which ANSYS solved this region.  These variables varied with the constraints 
applied are seen in Table 5.1. 
 
 Free Plate Fixed Plate Perforated Plate 
Contact Region Frictionless Bonded Bonded 
Update Stiffness Each Sub step Program controlled Program Controlled
Formulation Augmented Lagrange Pure Penalty Pure Penalty 
Table 5.1 Applied ANSYS conditions 
 
These settings as seen in the table only vary when considering the free plate as this 
analysis contains a shifting contact region.  The contact region seen in Figure 5.5 
shifts as the plate lifts off of the rig during what is seen as buckling, also seen in the 
physical analysis.  Though these settings have been set, initially they were left to 
defaults which in turn produced various errors, therefore these conditions were 
changed to the above.  These changes were also decided upon during a visit from 
ANSYS representatives that assisted with the initial analysis settings.  
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Figure 5.5 Contact Region 
 
The final conditions required to be implemented were that of the physical conditions; 
the force and fixed surface.  The applied force that was set at the centre of the plate 
was 1669N which was derived from the physical testing as discussed in the previous 
chapter.  This was done by reviewing the normalised force displacement graph as seen 
in Figure 5.6 and applying the maximum load that occurs to the centre of the plate.  
This proved to be a relatively accurate procedure as the results were comparable; 
discussed in Chapter 6. 
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Figure 5.6 Normalised Force Displacement Graph 
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The fixed surface as seen in Figure 5.7 was set to the lower surface of the rig in order 
to represent the surface in contact with the floor. 
 
 
Figure 5.7 Fixed Supports 
 
5.3 Outputs 
 
The conditions once set were then run through their respective simulations with the 
outputs being set to the Von Mises stress tool and Total Deformation tool.  The result 
of these simulations produced graphical results with an accompanying legend defining 
the value for each coloured region numerically.  This was also accompanied by labels 
showing both the point of maximum and minimum.  The following figures are the 
outputs created for each set of conditions and tool respectively which will be 
discussed contextually in Chapter 6.  The geometry files as well as the ANSYS files 
can be found as a link in Appendix C to the data folder on the CD-ROM. 
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Figure 5.8 Deformation of the Free Plate 
 
 
 
 
 
Figure 5.9 Stress Distribution of the Free Plate 
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Figure 5.10 Deformation of the Fixed Plate 
 
 
 
 
 
Figure 5.11 Stress Distribution of the Fixed Plate 
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Figure 5.12 Deformation of the Perforated Plate 
 
 
 
 
Figure 5.13 Stress Distribution of the Perforated Plate 
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Chapter 6 
 
 
Analysis and Applications 
 
 
6.1 Free Specimen 
 
The free plate discussed in Chapter 5 loaded with a force of 1669N in ANSYS shows 
similar visual deformation as that of the physical testing.  There are early signs of 
buckling which can be seen by the wave shape of the plate edges in Figure 6.1 and 
6.2.  The similarity between the physical and ANSYS testing also extends to the value 
of total deformation.  The ANSYS analysis returns the maximum deformation of 
≈68mm where as the physical testing returns ≈71mm when the force reaches zero, 
fully absorbed.  The majority of this total deformation is seen to be related to the 
buckling that occurs as the local deformation seen in Figure 6.3 is negligible. 
 
 
   Figure 6.1 Boundary Deformation in a Free Plate 
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   Figure 6.2 Deformation of a Free Plate During Physical Testing 
 
 
   Figure 6.3 Local Deformation of the Free Plate 
 
The differences between the numerical values are due to the conservativeness of the 
theoretical values produced by ANSYS.  This conservativeness is discussed by 
Corbett whose research concluded that theoretical results calculated with known 
formulae produce a conservative result when comparing to physical testing.  This can 
be seen in Figure 6.4 which used the following equation to determine the reaction of a 
loaded plate. 
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               Figure 6.4 Theoretical Versus Physical Testing (Corbett et al. 1993) 
 
This testing and its results are also similar to Grzebieta as he was also examining 
impact testing, however the equipment used differed slightly with respects to the 
manner in which the data was acquired.  The equipment used consisted of an 
accelerometer that was fabricated specifically for the testing procedure as well as a 
different amplification technique as seen in Figure 3.1. 
 
There are also concentration factors visible in both the physical and theoretical 
approach.  The shape of the specimen along with the shape of the rig appears to be a 
factor in the method which the plate deforms.  The shape of the rig is square with 
sharp corners and edges which are reflected in the deformation and stress patterns 
seen in the specimen.  The sharp inside edge of the rig also appears to act as a pivot 
point during the impact which also contributes to the patterns seen.  The results of 
these factors are clearly seen in Figures 6.5 and 6.6 where the ANSYS results clearly 
reflect the reaction that occurs in the physical specimen.  
 
 38
Chapter 6
______________________________
Analysis and Applications
_________________
Free Specimen
_________________
  
   Figure 6.5 Stress Distribution of the Free Plate 
 
 
   Figure 6.6 Deformation in a Free Physical Plate 
 
6.2 Fixed Specimen 
 
This analysis has shown that at the end of the impact the plate has a maximum 
deformation of 12mm.  This deformation in comparison to the free plate is seen to be 
far less which is to be expected as global deformation is restrained.  The patterns in 
which the deformation and the stress propagate are also reliant on the shape of the 
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 structure as in the free plate.  This can be seen in Figures 6.7 where the initial 
deformation pattern is circular and begins to have straight edges as it approaches the 
rig. This pattern also shows little to no deformation along the boundary as the 
movement is restricted.  There is also a larger concentration of deformation closer to 
the load point which leads to the assumption that the material properties have a 
greater impact on the reaction.  This being said, it is understood that the material 
properties are key factors in both methods of constraints.  However in the fixed plate 
the deformation is more reliant on strength, as opposed to concentration factors that 
occur in the free plate.   
 
 
   Figure 6.7 Deformation Distribution in a Fixed Plate 
 
The concentration factors seen in Figure 6.8 are seen to be localised at the edge of the 
rig.  This leads to the assumption that this would be a possible point of failure as the 
material would be forced to bend sharply at this point.  This is based also on the 
assumption that the impactor will not perforate the material at the point of impact.  
This concern could be alleviated when conducting physical testing and selecting an 
impactor with a larger contact surface.  This theory was tested by Caridis who 
conducted impact tests on ship plating using impactors of varying contact surfaces.  
The result of which showed that larger contact surfaces allowed for greater impacts, 
thus allowing for greater global deformation in the specimen. 
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   Figure 6.8 Stress Distribution of the Fixed Plate 
 
6.3 Perforated Specimen 
 
The perforated plate displays characteristics that differ than that of the solid plate as it 
contains concentration factors due to the perforations.  These concentration factors 
can be defined theoretically as discussed by Juvinall.  The magnitude of the 
concentration is dependant on the size of the hole and the thickness of the plate.  This 
dependence can be seen in Figure 6.9 where the two graphs are shown.  The 
incorporation of both graphs is due to the complexity of the reaction occurring as 
there is both an axial and bending motion occurring.   
 
 
Figure 6.9 Stress Concentrations for Circular Perforations (Juvinall et al., 2000)  
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 There is also a reduction in material that is available to absorb the force applied.  This 
when applied with the stress concentrations creates an irregular reaction.  The term 
irregular refers to the reaction not being evenly distributed throughout the plate.  This 
is seen in Figure 6.10 where it is seen that concentrations vary at equidistant points 
from the load. 
 
 
 Figure 6.10 Stress Distribution in a Perforated Plate 
 
The thin sections between the perforations must carry the same total force and absorb 
the same amount of energy equivalent to that of the solid plate.  This condition creates 
a greater amount of deformation than that of the fixed solid plate, approximately 
26mm seen in Figure 6.11.  This condition also contributes to the previously 
mentioned stress concentrations and will therefore result in total failure by tearing 
between the perforations. 
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Figure 6.11 Deformation of the Perforated Plate 
 
6.4 Applications 
 
The experimentation conducted along with the analyses allows for a look into the 
possible applications of thin steel plate in a practical situations.  The current 
environment utilises this material in such applications as guard rails, materials on 
automobiles and appliances.  Though some of these applications involve impact 
speeds greater than the 18 km/h simulated the principles can still be applied. 
 
The use of thin steel as guard rails as seen in Figure 6.12 use of both constrained and 
unconstrained conditions.  The posts that hold the guard rail are used to absorb forces 
and intentionally break before the rail itself, thus allowing for the rail to deform and 
hold.  There is also the additional use of the post which is to absorb minor impacts 
without damaging the system.  This initial absorption allows for the initial velocity of 
the impact to be reduced before the steel is required to contain the force.  The energy 
that is then absorbed is required to be gradually done as rapid decelerations can cause 
injury for the occupants; such as whiplash.  The use of perforated plate in this instance 
would not be viable as the amount of energy that could be absorbed would be greatly 
reduced.  This reduction is related to the concentrations that occur surrounding the 
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 perforations that would lead to the material tearing under loads that could be 
contained by solid plate. 
 
 
Figure 6.12 Guard Rail (http://www.dakotafence.com/dakotafence/products/images/guardrail.jpg)  
 
The use of steel plate in the automotive industry is still prevalent yet is slowly being 
replaced with composites.  This is readily seen in the composition of bumpers on new 
passenger automobiles which are now primarily made of composites in order to 
reduce costs.  This being said bonnets and car panels are still made of steel plate and 
therefore the preceding analyses are applicable.  The human head as with the impactor 
is small in comparison with the bonnet and the plate, for this reason as well the 
comparison was deemed acceptable.   
 
The sudden deceleration of the human head during accidents which occurs on the car 
bonnet (Figure 6.13) is seen to be a large cause of permanent injury and death.  This 
observation is applied from a current study being undertaken by a fellow research 
student who is currently investigating this phenomenon.  Thus it is seen that using the 
free plate is greatly advantageous in this instance.  Though it is not physically 
possible to have a plate that rests freely on the bonnet it is possible to have the plate 
constrained by fixtures that allow movement, seen in Figure 6.14.  There is also the 
consideration of when the bonnet reaches the engine block which is also a point where 
severe injury can occur.  The possibility of raising the bonnet higher would be an 
alternative but would conflict with current aesthetics in car design.  The use of 
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 perforated plate would not be useful in this circumstance due to obvious reasons such 
as allowing moisture into the components and aerodynamics. 
 
 
Figure 6.13 Location of Impact (http://www.euroncap.com/assets/graphics/pedestrian_impact_how.gif)  
 
 
Figure 6.14 Moveable Fixtures (www.dial-a-tow.co.uk)   
 
The appliance industry also makes use of thin steel plate for its properties, ease of 
manufacture and cost.  The use of perforated plate is used in order to maintain the 
needed properties with the added benefit of reducing weight.  One such use is that of a 
heater which uses the perforated plate to allow heat to be distributed as well as 
provide a component of safety.  This is seen in Figure 6.15 where the ceramic heater 
has a perforated thin steel plate on its face to allow the heat to be distributed by the 
fan as well as protect users from touching the elements.  This safety factor also 
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 incorporates the unit falling, resulting in the elements coming into contact with 
flammable materials. 
 
 
 
 
 
 
 
                             Figure 6.15 Perforated Plate on a Heater 
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Chapter 7 
 
 
Recommendations for Future Work 
 
 
 
Though the testing procedure itself was sound the equipment used requires further 
investigation into the actual reasons and removal of the errors that were produced.  
This investigation also extends to the further investigation into alternative methods of 
both acquiring the data and collecting it.  There is also the addition investigation into 
the numerical analysis that was conducted with ANSYS.  There are many unknown 
factors that are integrated into the analyses that ANSYS produces.  This relates to 
contact elements and the plastic analysis of materials that the software interprets.  
These recommendations have been broken up into the following concepts for further 
analysis. 
 
• The investigation of the source and removal of acquired errors. 
o Filters for the amplifier output, 
o Reduction of mechanical noise at the accelerometer, 
o A more secure method of feeding the accelerometer cable during the 
procedure, 
o Different software than that of Labview, software that has the ability to 
set filters, 
o A computer with a faster processor as well as more RAM. 
• The possibility of using alternative equipment such as a digital storage CRO. 
• The independent research of the elastic-plastic analysis in ANSYS. 
• The analysis of contact regions in ANSYS 
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Chapter 8 
 
 
Conclusion  
 
 
 
The literary review allowed for an appropriate method and procedure to analyse the 
mechanisms that occur.  The use of a drop weight impact test allowed for a 
comparison into numerical and visual effects.  This was furthered by the application 
of the analysis of this data to validate theoretical tests done in ANSYS.  Through 
these comparisons and analyses the following conclusions were able to be made. 
 
• The application of boundary conditions greatly influences the manner in which 
the plate reacts.  It was seen that by allowing the edges of the plate to move 
freely greater global and total deformation occurred resulting in buckling.  It 
was then seen that a fixed plate reduced the amount of global and total 
deformation.  The deformation remained concentrated about the point of 
impact.  The stress distributions also reflected these reactions where in the free 
plate concentrations occurred along the regions of buckling and in the fixed 
plate they remained localised 
 
• The perforated plate showed mechanisms of both the free and fixed plate 
scenarios.  It was seen that the increase in open area increased the amount of 
local and global deformation.  It was also seen that this was directly related to 
the stress concentration that occurred around the perforations. 
 
• The shape of the testing rig greatly influenced the method of failure in all of 
the tests.  The free plate particularly showed this as the sharp edges and square 
corners forced the plate to bend about these points.  This was seen in the shape 
of the buckling in both testing methods.  The fixed plate also showed signs of 
this effect where the deformation and stress distributions began in a circular 
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pattern and evolved into a pattern with flat edges.  The combination of both 
these conditions also appeared in the perforated plate as the highest stress 
concentrations occurred at the outer edges where movement was restricted. 
 
• The errors that were seen in the test data required further analysis as to why 
they were occurring.  Though they were noted and discussed additional 
equipment is required to remove them as itemised in the recommendations. 
 
The result of the above conclusions proved to be valuable when being applied to 
scenarios where steel plate is currently applied.  It was seen that when a gradual 
deceleration was required in car bonnets the application of a free plate was applicable.  
This was also seen in the guard rail where a combination of both free and fixed 
conditions allows for greater amounts of energy being absorbed. 
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Appendix C 
 
 
Physical Test, ProEngineer and ANSYS Files 
 
 
Physical Test Data 
 
When asked which program to use to open the raw data files select a text editor or 
Excel.  Alternatively save the file to your hard drive and open it with MatLab. 
 
Trial Test:  Excel  Raw Data
 
 
Setting Value 
Gain 31.6μV/ms-2
Trigger .1V 
Sample Rate 200000 per second 
Buffer Size 800000 
Stored Data 200000 
Time Limit 10 seconds 
Drop Height 1.5m 
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Figure C.1 Velocity Graph of Test Trial 
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Figure C.2 Displacement Graph of Test Trial 
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Figure C.3 Force Displacement Graph of Test Trial 
 
 
 
 
Test 2:  Excel  Raw Data
 
 
Setting Value 
Gain 1mV/ms-2
Trigger .1V 
Sample Rate 200000 per second 
Buffer Size 800000 
Stored Data 200000 
Time Limit 10 seconds 
Drop Height 1.5m 
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Test 3:  Excel  Raw Data
 
 
Setting Value 
Gain 316μ V/ms-2
Trigger .2V 
Sample Rate 25000 per second 
Buffer Size 800000 
Stored Data 200000 
Time Limit 10 seconds 
Drop Height 1.5m 
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Figure C.4 Displacement Graph of Test 3 
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Figure C.5 Force Displacement Graph of Test 3 
 
 
 
 
Test 4:  Excel  Raw Data
 
 
Setting Value 
Gain 3.16mV/ms-2
Trigger .5V 
Sample Rate 25000 per second 
Buffer Size 800000 
Stored Data 200000 
Time Limit 10 seconds 
Drop Height 1.5m 
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Figure C.6 Acceleration  Graph of Test 4 
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Figure C.7 Velocity Graph of Test 4 
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Figure C.8 Displacement Graph of Test 4 
 
 
 
 
 
In order to open the following files ProEngineer Wildfire and ANSYS Workbench 
packages must be installed.  
 
 
ProEngineer Files 
 
 
 
Solid Plate
 
Perforated Plate
 
Rig
 
Solid Assembly
 
Perforated Assembly
 
 
 
 
 
 
 
ANSYS Files 
 
 
 
Solid Plate
 
Perforated Plate
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PRODUCT DATA
Piezoelectric Accelerometer
Charge Accelerometer  Type 4371, 4371 S and 4371 VFEATURES
 General purpose
 High sensitivity
 High frequency
 Vibration testing
Description 
Type 4371 is a piezoelectric, DeltaShear®, Unigain® ac-
celerometer with side connector. Type 4371 features 10
32 UNF receptacle for output connection and can be
mounted on the object by means of a 1032 UNF threaded
steel stud.
Characteristics
This piezoelectric accelerometer may be treated as a
charge source. Its sensitivity is expressed in terms of
charge per unit acceleration (pC/g).
The DeltaShear design involves three piezoelectric ele-
ments and three masses arranged in a triangular configu-
ration around a triangular centre post. The ring prestresses
the piezoelectric elements to give a high degree of line-
arity. The charge is collected between the housing and the
clamping ring. The piezoelectric element used is a PZ 23
lead zirconate titanate element. The housing material is
titanium.
Calibration
The sensitivity given in the calibration chart has been
measured at 159.2 Hz and an acceleration of 10 g. For
99.9% confidence level, the accuracy of the factory cali-
bration is ±2%.
Sensitivity [%]
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10
0
-10
Amplitude
Phase
Phase [Degrees] 
10
0
5 10 20 50 100 200 500 1k 2k 5k 10k[Hz]
Phase [Degrees] Sensitivity [dB]
Typical High Frequency Response
10
0
-10
-20
30
20
10
0
-10
1 2 5 10 20 50 100[kHz] 04
00
40
Amplitude
Phase
-10
Specifications  Charge Accelerometer Type 4371, 4371 S and 4371 V
[1] Low-end response of the transducer is a function of its associated electronics
Units 4371/4371 S 4371 V
Dynamic Characteristics
Charge Sensitivity (@ 159.2 Hz) pC/g 9.8 ± 2% 9.8 ± 15%
Frequency Response See typical Amplitude Response
Mounted Resonance Frequency kHz 42
Amplitude Response ±10% [1] Hz 0.1 to 12600
Transverse Sensitivity % <4
Transverse Resonance Frequency kHz 15
Electrical Characteristics
Min. Leakage Resistance @ 20°C GΩ ≥20
Capacitance pF 1200
Grounding Signal ground connected to case
Environmental Characteristics
Temperature Range °C (°F) 55 to 250 (67 to 482)
Humidity Welded, sealed
Max. Operational Sinusoidal Vibration (peak) g pk 6000
Max. Operational Shock (± peak) g pk 20000
Base Strain Sensitivity Equiv. g/μ strain 0.002
Thermal Transient Sensitivity Equiv. g/°C (g/°F) 0.004 (0.022)
Magnetic Sensitivity (50 Hz0.03 Tesla) g/T 0.4
Physical Characteristics
Dimensions See outline drawing
Weight gram (oz.) 11 (0.39)
Case Material Titanium
Connector 1032 UNF
Mounting 1032 UNF × 3.2 mm threaded holeHEADQUARTERS: DK-2850 Nærum · Denmark · Telephone: +45 4580 0500 · Fax: +45 4580 1405
www.bksv.com · info@bksv.com
Australia (+61) 2 9889-8888 · Austria (+43) 1 865 74 00 · Brazil (+55)11 5188-8166 · Canada (+1) 514 695-8225
China (+86) 10 680 29906 · Czech Republic (+420) 2 6702 1100 · Finland (+358) 9-521 300 · France (+33) 1 69 90 71 00
Germany (+49) 421 17 87 0 · Hong Kong (+852) 2548 7486 · Hungary (+36) 1 215 83 05 · Ireland (+353) 1 807 4083
Italy (+39) 0257 68061 · Japan (+81) 3 5715 1612 · Korea (+82) 2 3473 0605 · Netherlands (+31)318 55 9290
Norway (+47) 66 77 11 55 · Poland (+48) 22 816 75 56 · Portugal (+351) 21 47 11 4 53 · Singapore (+65) 377 4512
Slovak Republic (+421) 25 443 0701 · Spain (+34) 91 659 0820 · Sweden (+46) 8 449 8600
Switzerland (+41)  44 880 7035 · Taiwan (+886) 2 2502 7255 · United Kingdom (+44) 14 38 739 000
USA (+1) 800 332 2040 · Local representatives and service organisations worldwide
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Ordering Information
Type 4371 includes the following 
accessories:
 Carrying box
 Calibration chart
 AO 0038: Low noise cable fitted with
1032 connectors, 1.2 m
 1032 UNF threaded steel stud. Length 
12.7 mm
Type 4371 S includes the following 
accessories:
 Carrying box
 Calibration chart
 AO 0038: Low noise cable fitted with1032 
connectors, 1.2 m
 1032 UNF threaded steel stud. Length 
12.7 mm
 UA 0078: Accessory box including:
 Cementing stud, 1032 UNF
 EP610 input adaptor, TNC to 1032
UNF microdot
 Mounting magnet, 1032 UNF thread
 Case of beeswax
 Insulating disk
 Insulating stud
 Steel stud 1032 UNF × ½″
 Tools
Type 4371 V includes the following 
accessories:
 Carrying box
 Calibration chart
 1032 UNF threaded steel stud. Length 
12.7 mm 
OPTIONAL ACCESSORIES
 AO 0038: 260°C Teflon® low-noise cable, 
1032 UNF, length 1.2 m (4 ft)
 AO 0122: 250°C, reinforced super low 
noise cable, 1032, 3 m (10 ft)
 AO 0231: 260°C Teflon low-noise cable, 
1032 UNF/TNC, length 3 m (10 ft)
 AO 1382: Teflon low noise cable, double 
screened 1032, 1.2 m (4 ft)
 DB 0544: 1032 UNF Round tip 
 JJ0207: 2-pin TNC/1032UNF plug adaptor
 JP 0162: 1032 UNF to TNC connector 
adaptor
 QA 0013: Hexagonal key for 1032 UNF 
studs
 QA 0029: Tap for 1032 UNF thread
 UA0559: Mechanical filter for Accelerometer
 UA 0642: Mounting magnet and 2 insulat-
ing discs
 UA 0866: Cement stud 1032 UNF 
0.14 mm (set of 25)
 YG 0150: Steel stud 1032/1032 with 
flange
 YJ 0216: Beeswax for mounting 
 YP 0080: Probe with sharp tip
 YP 0150: 1032 UNF insulated stud. 
Length 12.7 mm
 YQ 2960: 032 UNF threaded steel stud. 
Length 12.7 mm
 YQ 2962: 032 UNF threaded steel stud. 
Length 7.62 mm
Brüel & Kjær reserves the right to change specifications and accessories without notice
